The Bonfils and Levitan FPS™ scopes are rigid fibreoptic stylets that may assist routine or difficult intubation. This study compared the effectiveness of each in patients with predicted normal airways when used by specialist anaesthetists with no prior experience using optical stylets. Twelve anaesthetists and 324 elective surgical patients participated. Six anaesthetists were randomised to first intubate 20 patients with the Levitan scope (Phase 1) followed by a further seven patients with the Bonfils scope (Phase 2). The other six participating anaesthetists undertook their first 20 intubations with the Bonfils (Phase 1), followed by seven intubations with the Levitan (Phase 2). Outcomes recorded were success rate, total time to intubation, number of attempts, ease of intubation score and incidence of complications. Overall failure rates were similar for the two scopes with 5.6% of patients not intubated after three attempts. Median total times to intubation were similar for the Levitan (44 seconds) and Bonfils (36 seconds) (P=0.11). Participants using the Bonfils in Phase 1 had significantly higher chance of success on first attempt (73%) compared to Levitan users during Phase 1 (57%) (P=0.008). These differences were not significant in the second phase and ease of intubation scores were similar for both scopes (P=0.9). This study showed the two scopes were comparable but the high failure rate amongst novice users demonstrated the importance of familiarity and skill development prior to their introduction to a difficult airway cart.
Although direct laryngoscopy and intubation has an impressive success rate, it fails in a small percentage of patients due to anatomical, pathological or mechanical issues 1 . Optical stylets incorporate fibreoptic-imaging elements into the design of an intubation bougie, providing the advantages of non-line-of-sight visualisation of the vocal cords and endotracheal tube placement 2 . Despite the appeal of combining the viewing capability of fibreoptics with the familiar handling of a stylet, the technology, which has been available for over 25 years, has not been widely adopted for the management of either normal or difficult airways 3 . Most of the data about their use comes from case series and there is a lack of large comparative studies 2, 4 .
The Bonfils optical stylet (Karl Storz, Tuttlingen, Germany) consists of an eyepiece and illumination source attached to a 40 cm long non-malleable metal tube with a 45° curve at the tip. Intended for use via a retromolar approach, the 5 mm diameter shaft contains a 35,000-pixel count fibre and provides a 90° field of view 3 . A variety of types and sizes of endotracheal tube may be loaded onto the shaft and 'rail-roaded' into the trachea 5 . Despite these being commercially available since 1983, a quantitative review of intubation aids published 25 years later identified only a handful of clinical publications involving a total of 247 patients with normal airways and 69 patients with predicted difficult airways 2 .
The Levitan FPS™ optical stylet (Clarus Medical, Minneapolis, USA) was described in 2006 as a lowcost optical stylet for routine fibreoptic augmentation during emergency intubation 6 . It is a shorter version of the Shikani Seeing Stylet™ (Clarus Medical, Minneapolis, USA) consisting of an eyepiece and illumination source attached to a 30 cm semimalleable metal tube with a tip that can be shaped by the operator 6 . The shorter length creates a requirement to trim the length of the endotracheal tube prior to loading it on the shaft. Thus armoured and double-lumen tubes cannot generally be used with the Levitan scope. The field of view is 70° via a 10,000 pixel fibre. The Levitan scope may be used as described for the Shikani stylet; as the sole intubation device with the anaesthetist elevating the mandible with the left hand while advancing the stylet and loaded tube between the vocal cords under direct vision 7 . In the setting of emergency airway management, it is recommended to be used in conjunction with direct laryngoscopy, using the fibreoptic view to direct the stylet under the epiglottis and through the vocal cords 6 .
Each device may be used in the management of normal as well as difficult airways. Given the differences between the two devices, this study aimed to compare their efficacy amongst specialist anaesthetists with no prior experience of fibreoptic stylet intubation, in patients with predicted normal airways, thus replicating the environment anaesthetists employ when learning to use new airway management equipment.
MATERIALS AND METHODS
The Peninsula Health Ethics Review Board approved the study and written consent was obtained from participants (Approval 2007-31). Twelve specialist anaesthetists (F.A.N.Z.C.A. or equivalent) having had no previous experience with fibreoptic stylets participated. Neither fibreoptic stylet was available in the hospital prior to the study. Two of the authors (CB, TC) owned a Levitan scope for personal use and had undergone training with the Bonfils scope. They provided a standardised 15-minute training session with each participating anaesthetist using a Laerdal Airway Management Trainer™ (Laerdal Medical, Stavanger, Norway).
Six of the participating anaesthetists were asked to intubate 20 patients with the Levitan scope (Phase 1) followed by a further seven patients with the Bonfils scope (Phase 2). The other six participating anaesthetists undertook their first 20 intubations with the Bonfils (Phase 1), followed by seven intubations with the Levitan scope (Phase 2). The order in which participants trialled each device was randomised by selection of sealed opaque envelopes. All patients were American Society of Anesthesiologists physical status I to III adults having elective surgery requiring a relaxant general anaesthetic. A history of past difficult intubation, predictors of difficult intubation (Mallampati 4) or need for rapid sequence induction were exclusions. Baseline data collected included body mass index, Mallampati score, thyromental distance and interincisor distance. Preoxygenation with 100% oxygen was mandatory and the intubation attempt was abandoned if oxygen saturation fell below 92%.
The methodology was similar to that used by Hung et al to evaluate the intubating light-wand (Trachlight ® ) 8 . The primary outcome measure was the total time to successful intubation, measured by an independent observer with a stopwatch. Failure was considered to have occurred if intubation was not achieved within three attempts, the maximum number of permitted attempts per patient. The total time to intubation was the sum of the time the stylet was in the patient's mouth during attempts one, two and three (if more than one attempt was required). The stopwatch was started when the stylet (with the endotracheal tube loaded onto it) entered the mouth. The stopwatch was paused if the stylet was withdrawn from the mouth for any reason, regardless of whether the endotracheal tube had been deployed or not. Any withdrawal of the stylet from the mouth was regarded as an intubation attempt. Bag and mask ventilation was permitted between attempts and the stopwatch was un-paused once the stylet re-entered the patient's mouth. If a second or third attempt was needed, the use of a laryngoscope in conjunction with the stylet was permitted to aid tongue displacement. Laryngoscope use was recorded. Successful intubations were confirmed by capnography.
The intubation of each patient was subjectively rated by the anaesthetist on a four-point scale (difficult/ neither easy or difficult/easy/failed). A three-point scale (none/mild/severe) was used to measure sore throat and voice change afterwards. Patients were checked for trauma to lips, tongue or teeth. Each anaesthetist completed a satisfaction survey after completing both study phases.
The primary null hypothesis was that there would be no difference in the total time to intubation between using the Bonfils and Levitan stylets. Secondary hypotheses were that there would be no difference in the number of failures between the two stylets and no difference in the ease of intubation/ laryngoscope use/number of attempts between the Bonfils and Levitan stylets. Power analysis showed that sample size of 100 subjects per group was needed to detect a difference of 20 seconds in mean tracheal intubation time with power of 90% and alpha at 0.05.
Exploratory analyses were presented as means, standard deviations, medians and range for continuous data. Proportions and percentages were used to present categorical data. The hypothesis tests selected were t-tests for normally distributed continuous data and Wilcoxon Rank-Sum test for non-normally distributed continuous data. Chi-Square tests and Fisher's Exact tests were used to analyse categorical data. The level of significance was set at α=0.05.
RESULTS
Patient demographic and baseline airway variables were similar in the two study groups (Table 1 ). In Phase 1 of the study we anticipated that 12 anaesthetists would intubate 20 patients each using one type of stylet (n=240 for Phase 1), followed by seven patients each during Phase 2 with the alternative scope (n=84 for Phase 2). By error, a participant intubated 18 patients in phase 1 and 9 in Phase 2.
DISCUSSION
This clinical study found that the Bonfils and Levitan optical stylets were equally effective intubation aids for patients with normal airways when used by specialist anaesthetists who were previously unfamiliar with their use. A series of 20 elective intubations was chosen for Phase 1 of the study as this was shown to provide sufficient expertise for standard clinical use of the Bonfils scope 5, 9 . Experience of up to 50 intubations has been suggested for difficult airways, although there is a scant published data supporting this recommendation 10 . Regarding expertise and the Levitan scope, no Values are mean (SD) or proportion (%), BMI=body mass index, ASA=American Society of Anesthesiologists. recommendations could be found in the currently available literature although it may be expected to have a similar learning curve to the Bonfils stylet. Our data did not indicate that more intubations would be required to achieve sufficient expertise for standard clinical use of the Levitan scope. The 12 participating anaesthetists recorded intubation times similar to other reports of the Bonfils scope. One of the earliest publications on the Bonfils scope reported a median intubation time of 44 seconds in 30 patients for the first author and 25 seconds (with one failure) for the second 5 . In a series of 100 patients with normal airways using the Bonfils scope, the first 10 patients had a median intubation time of 95 seconds, but this fell to 25 seconds in patients 11 to 209. The participants in our study demonstrated considerable variation in the speed of skill acquisition with some having larger dispersions of intubation times than others. One weakness of our study was that participants had no time restriction to complete all their study intubations, so that some staff (mostly part-time) took months to complete them all while others took a few weeks. In the current literature, there are no meaningful comparison intubation times with our data using the Levitan scope, because published studies report mean times between 9 and 13 seconds, but only when used as an adjunct to direct laryngoscopy 4, 6 . In order to compare the efficacy of the Levitan stylet with the Bonfils stylet on the same terms, we required that the first intubation attempt be performed without the aid of a laryngoscope according to the recommended technique for the Shikani scope 7 . This may explain why participants who intubated their first 20 patients with the Levitan scope had a significantly lower first attempt success rate (56.8%). Most of these initial failures were intubated successfully on the second attempt using a laryngoscope blade, though this was associated with more sore throat than the Bonfils group. Furthermore, the group that initially intubated 20 patients with the Levitan scope may have been primed by their experience and picked up a laryngoscope more readily during their seven Bonfils intubations, as laryngoscope use rose to 27.3% and the sore throat rate was significantly greater. The laryngoscopy rate was only 14.2% if the first 20 intubations had been with the Bonfils stylet.
Using the optical stylet, 18 patients (5.6%) were failed intubations and all 18 were intubated without problem by direct laryngoscopy. As shown by intubation times of up to 268 seconds in one case, participants varied in their tolerance and resolve to intubate using an optical stylet with some prepared to abandon it as 'failed' more readily than others. The study protocol stipulated only that maximum attempt number was three and any attempt must cease if oxygen saturation fell below 92%. This failure rate was higher than other published series, though these studies were generally small series performed by "optical stylet enthusiasts" 2 . In a series of 36 patients by novice Bonfils stylet users, a failure rate of 14% and median intubation time of 80 seconds prompted the authors to question whether this device would be widely adopted by the anaesthetic community 11 . Problems reported by users of optical stylets in our study were similar to previous reports, particularly fogging, secretions and difficulty distracting airway tissues to create a clear view 4, 11 .
This comparative study of the Bonfils and Levitan scopes in patients with normal airways did not find major differences in their effectiveness when used by specialist anaesthetists. Further comparative data are needed in patients with difficult airways to fully compare these devices. Future research should also evaluate their performance when used in conjunction with video-laryngoscopes, where optical stylets may assist in guiding the placement of tracheal tubes. Subsequent to the completion of this study, the availability of these devices in our difficult airway cart resulted in the rescue of a number of patients with failed direct laryngoscopy. However, this study showed a high failure rate amongst novice users, so if fibreoptic stylets are to be incorporated into the difficult intubation management plans of novices familiarity and skill development with them is required.
